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Abstract
We analyze the double polarization asymmetry of the ω-meson photoproduction
in the vector-meson–dominance model of diffractive production and the one-pion
exchange model. We find that the longitudinal beam-target asymmetry is very sen-
sitive to the real part of the diffractive photoproduction amplitude and to the sign
of the ωpiγ coupling because of the different spin structures of the amplitudes asso-
ciated with the different mechanisms.
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Most phenomenological models to the pion photoproduction include hadron resonances as
explicit degrees of freedom in addition to the low energy theorem contributions [1–3] in order
to explain the experimental data including resonance region. This inevitably leads us to the
inclusion of the vector-meson degrees of freedom as well as the nucleon resonances. In some
literature [2–4], it has been claimed that some physical quantities of the π0 photoproduction
depend on the phases of V πγ coupling constants, where V stands for a vector-meson, and
that it requires a special choice on the phases of gV piγ’s to reproduce the experimental
observation. This problem has been also raised from the meson exchange current contribution
in the deuteron form factors [5] and proton-nucleon bremsstrahlung [6]. Actually, in this
case one deals with the relative phase of the vector-meson exchanged amplitudes and the
Born terms which is chosen often by the Gari and Hyuga convention [5]. However, these
contributions are combined with other mechanisms and the present level of experimental
accuracy does not allow us to fix the signs uniquely and the conclusion is still controversial.
Thus an independent process that is directly proportional to the phase of the couplings will
be useful to resolve this problem.
Another motivation of our study concerns with the real part of the vector-meson–dominance
model (VDM) amplitude, which is related to the study of the strangeness content of the
nucleon through the φ-meson photoproduction from proton [7]. In Ref. [8] it is pointed out
that the double polarization observables in φ photoproduction may be used as a good probe
for hidden strangeness in the proton. Although its effect is expected to be small, however, the
interference between the real part of the VDM amplitude and the one-pion exchange model
(OPE) amplitude may give some contribution to the asymmetries. Therefore, independent
analyses on the real part of the VDM amplitude are highly desirable.
In this paper we propose to use the double polarization asymmetry of ω photoproduction as
a tool to resolve the above two issues. We will show that the beam–target double polarization
asymmetry of ω photoproduction is proportional to the product of gωpiγ and the real part
of VDM amplitude and that the measurements of the asymmetry can give an information
about the two quantities directly, because the real part of the VDM amplitude is strictly
related to it’s imaginary part by the dispersion relation while the phase of the imaginary
part is fixed by the unitarity condition. Throughout this paper, we restrict our consideration
to the ωπγ coupling because the asymmetries in the ρ photoproduction are expected much
smaller because of the relatively small value of the ρπγ coupling constant.
Following Ref. [9], we assume that, for the initial photon energy in a few GeV region, the
total amplitude of vector-meson photoproduction process comes mainly from two sources: the
vector-meson dominance model of diffractive production and the one-pion exchange model as
depicted in Fig. 1. We define the kinematical variables as follows. The four-momenta of the
incoming photon, outgoing ω, initial proton and final proton are k, q, p and p′, respectively. In
laboratory frame, we define k = (ELγ ,
~kL), q = (E
L
ω , ~qL), p = (E
L
p , ~pL) and p
′ = (ELp′, ~p
′
L). The
corresponding variables in CM system are defined as k = (ν,~k), q = (Eω, ~q), p = (Ep,−~k)
and p′ = (Ep′,−~q). We also use t = (p − p′)2 and s = (p + k)2 with the nucleon mass MN ,
the ω-meson mass Mω and the pion mass Mpi.
2
γ ω
p p
PI
ω
(a)
γ ω
p p
pi
(b)
Fig. 1. (a) Diffractive ω-meson photoproduction within the vector-meson-dominance model by
means of a Pomeron (P) exchange. (b) One pion exchange process in the ω photoproduction. The
blob includes the direct ωpiγ coupling and the ωpiρ coupling with ργ vertex.
The diffractive ω photoproduction mechanism of VDM assumes that the incoming photon
mixes into the ω-meson and then scatters diffractively with the proton through an exchange
of a Pomeron (P) [10]. Experimental observations for the vector-meson production, small-
|t| elastic scattering and diffractive dissociation indicate that the Pomeron behaves rather
like an isoscalar photon-like particle [11]. Although it is widely accepted that the Pomeron
can be described in terms of non-perturbative two gluon exchange [12–15], in this paper
we make use of the Pomeron–photon analogy, which is expected to be valid at low energy.
Using the spin structure of the standard V V γ coupling [16] for the V V P vertex, the invariant
amplitude of the diffractive production process reads
TVDMmf ,λω ;mi,λγ = i T0 u¯(p
′, mf)γαu(p,mi) ε
λω∗
µ (ω)Γ
α,µνελγν (γ),
Γα,µν =(k + q)α gµν − kµ gαν − qν gαµ, (1)
where mi(f) is the spin projection of the initial (final) proton and λγ(ω) is the helicity of the
photon (ω-meson). Here T0 includes the dynamics of Pomeron-hadron interaction, εµ(ω) and
εµ(γ) are the polarization vectors of the ω and the photon, respectively, and u(p) is the proton
Dirac spinor. We use the form and parameters of T0 determined from the parameterization
[9],
(
dσ
dt
)
VDM
= c
(
1 +
d
Eγ
)
exp(bω t), (2)
with bω = 6.7 GeV
−2, c = 9.3 µb/GeV2 and d = 1.4 GeV which are determined from the
experimental data at
√
s = 2.8 ∼ 9.7 GeV as in Ref. [9]. The phase of TVDM is assumed to
be fixed by the optical theorem.
The relevant amplitude of the OPE diagram reads [17]
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TOPEmf ,λω ;mi,λγ =
1
t−M2pi
gNNpig˜ωpiγW
F
mf ,mi
WBλω ,λγ , (3)
where
W Fmf ,mi = u¯(p
′, mf)γ5u(p,mi), W
B
λω ,λγ = iǫ
µναβqµkαε
λω∗
ν (ω)ε
λγ
β (γ), (4)
from the interaction Lagrangian,
Lωγpi = g˜ωpiγǫµναβ∂µων∂αAβπ0, (5)
with the photon field Aβ. Direct calculation of W
F and WB gives
W Fmf ,mi =C
{
2mf (α
′ cos θ − α) δmf ,mi − α′ sin θ δmf ,−mi
}
, (6)
WBλω ,λγ =−ν
{
λγ(Eω − q cos θ) ~ε(ω) · ~ε(γ) + q sin θ√
2Mω
(q − Eω cos θ) δλω ,0
− 1
2
λωq sin
2 θ
}
, (7)
where
~ε(ω) · ~ε(γ) =
[
1 +
(
Eω
Mω
− 1
)
δλω ,0
]
d1λγ ,λω(θ), (8)
with θ the scattering angle in CM frame, q ≡ |~q| and C =
√
(γp + 1)(γ′p + 1)/2. We use
γp = Ep/MN and α =
√
(γp − 1)/(γp + 1) for the initial proton while γ′p and α′ are defined
in the same way for the final proton. Note that the OPE amplitude is pure real . We use
g2NNpi/4π = 12.562 and the effective coupling constant g˜ωpiγ is determined from the decay of
ω → (ρπ) → γπ so that g˜2ωpiγ = 0.498 GeV−2. Each vertex contains the Benecke-Du¨rr form
factors as given in Refs. [17,18].
In the literature, the Pomeron exchange amplitude is mostly assumed to be pure imaginary
[19]. In this approximation, OPE amplitude does not interfere with the VDM one in the
cross section. However, if we assume the real part of the VDM amplitude, then it may
interfere with the OPE amplitude. The real part of the VDM amplitude may be estimated
using the subtracted dispersion relation for the amplitude f(s, t) normalized so that sσT =
Im f(s, |t|min) as in Ref. [20],
Ref(s, t) =
2s2
π
P
∞∫
smin
ds′
s′(s′2 − s2)Im f(s
′, t), (9)
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which can be evaluated analytically to give a derivative relation in the limit of high energy.
However, at finite energy region of our interest, we need to evaluate (9) in a numerical way.
Since the parameterization of (2) is valid only in the limited region of energy and we have
to integrate (9) over the whole region of s, we assume the standard s-dependence of the
imaginary part as f ∼ sαP with αP ≃ 1 instead of using Eq. (2). This gives us the ratio
R ≡ Re f(s, t)/ Im f(s, t) = 0.12 ∼ 0.087 at ELγ = 2 ∼ 3 GeV. The idea of this paper is
to extract the value of R from the measurement of the polarization observables. So in our
qualitative estimation we take R = 0.1 and we write the real part of the VDM amplitude as
ReTVDMf,i = R ImTVDMf,i . (10)
The VDM amplitude will be renormalized by multiplying 1/
√
1 +R2. Since R is around
0.1, the contribution from the real part of VDM amplitude to the differential cross section is
only about 1% of that of the imaginary VDM amplitude, which makes it hard to disentangle
the real part of VDM amplitude from the cross section measurements. It should be kept in
mind that this relation is valid only at |t| → |t|min (or θ → 0) that is the most interesting
region where the cross section is at maximum. However, for our qualitative analysis we will
assume this relation for the whole region of t [21]. We also assume the constant value of R
at low energy although it is a function of s in general.
It is, then, straightforward to obtain the corresponding amplitudes in helicity basis with the
relation [22,23],
Hλf ,λω;λi,λγ = (−1)1−λi−λf
∑
mi,mf
d
1/2
mi,−λi
(0) d
1/2
mf ,−λf
(θ) Tmf ,λω ;mi,λγ , (11)
where λi,f are the helicity of the target and recoil proton, respectively. Analyses of the
amplitudes show that at small |t| their dominant parts have the spin/helicity conserving
form as
ImHVDMλω ,λf ;λγ ,λi =M
VDM
0 δλω ,λγ δλi,λf , (12)
HOPEλω ,λf ;λγ ,λi =2λiλγM
OPE
0 δλω ,λγ δλi,λf , (13)
where
MVDM0 ≃−2|~k|CT0(1 + αα′),
MOPE0 ≃−
ν(Eω − |~q|)
t−M2pi
gNNpig˜ωpiγ . (14)
The qualitative difference between (12) and (13) lies on the existence of the additional phase
factor 2λiλγ in (13) that comes from the NNπ coupling and the magnetic structure of the
ωπγ interaction. This factor plays an important role in the longitudinal double polarization
asymmetry LBT for the circularly polarized photon beam defined as
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Fig. 2. Unpolarized ω photoproduction cross sections at two photon energies, (a) ELγ = 2.8 GeV
and (b) 4.7 GeV. The dotted and dot-dashed lines correspond to the OPE and VDM contributions,
respectively, and the solid lines are the total differential cross section. The experimental data are
taken from [9].
LBT =
dσ⇒− dσ⇄
dσ⇒+ dσ⇄
, (15)
where dσ⇒ (dσ⇄) represents dσ/dt for the parallel (anti-parallel) helicity states of the target
and the photon beam. Near the forward scattering region, therefore, we have
LBT≃
∣∣∣iMVDM0 +RMVDM0 −MOPE0 ∣∣∣2−∣∣∣iMVDM0 +RMVDM0 +MOPE0 ∣∣∣2∣∣∣iMVDM0 +RMVDM0 −MOPE0 ∣∣∣2+∣∣∣iMVDM0 +RMVDM0 +MOPE0 ∣∣∣2
≃−2R ηω
√
dσOPE dσVDM
dσtot
, (16)
for small value of R, where ηω is the sign of g˜ωpiγ and dσOPE denotes the differential cross
section dσ/dt of OPE, etc. This shows that LBT(θ = 0) vanishes when R = 0 and its sign is
directly related to the phase ηω.
Results of our calculation are shown in Figs. 2 and 3. Shown in Fig. 2 are the unpolarized
cross sections at two initial photon energies, 2.8 and 4.7 GeV, with the experimental data
from Ref. [9]. One can find that the VDM and OPE channels have the same order of mag-
nitude at smaller ELγ and similar t-dependence so that they cannot be distinguished easily
from the comparison with the data. Furthermore, the dependence of the cross section on the
phase ηω is negligible because of small value of R. Predictions for the double polarization
asymmetry LBT in the model of VDM and OPE are shown in Fig. 3. Its t-dependence is
given in Fig. 3(a) with the initial photon energy ELγ = 2.8 GeV, where the solid line shows
the prediction with the pure imaginary VDM amplitude (and with OPE) and the dotted
(dot-dashed) line corresponds to ηω = +1 (−1) including the real part of the VDM amplitude
with R = 0.1. It shows the non-monotonic behavior and some enhancement at small |t|. In
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Fig. 3. Double polarization asymmetry LBT: (a) t-dependence at fixed energy E
L
γ = 2.8 GeV. The
solid line is the result without ReTVDM and the dotted (dot-dashed) line is for ηω = +1 (−1) with
ReTVDM when R = 0.1. (b) ELγ -dependence at |t| = |t|min (i.e., θ = 0) with various R for ηω = −1.
The results for ηω = +1 can be obtained by changing the sign of LBT(θ = 0). The OPE amplitude
is included in all graphs.
Fig. 3(b), we give the ELγ -dependence of LBT for several values ofR at |t|min. This shows that
the magnitude of the asymmetry LBT is proportional to the real part of the VDM amplitude
so that it vanishes with R = 0 at θ = 0. It also shows that the asymmetry decreases with
increasing photon energy and its sign at the forward scattering region is directly related to
the phase ηω.
In summary, we find that the double polarization asymmetry LBT, especially at forward
scattering region, is very sensitive to the real part of the VDM diffractive photoproduction
amplitude and the phase of the ωπγ coupling constant. This indicates that the both (R
and ηω) can be directly extracted from the double polarization measurements. Since the
asymmetry decreases with increasing photon energy, the optimal initial photon laboratory
energy would be less than 5 GeV. The currently available experimental data [9] are not
sufficient for their estimates and new experiments are strongly favored in the new facilities
at the photon energy region of 2 ∼ 4 GeV (see, e.g., Ref. [24]). At theoretical side, further
refinement of the photoproduction mechanisms is also required. For example, we need more
precise information of the VDM amplitude to determine the sign and magnitude of R in
a more realistic way, because it depends on the energies and the parameterization of the
imaginary VDM amplitude [25]. It would be also interesting to study the final state inter-
actions, which can contribute to the polarization observables at this energy region. Finally,
the phase fixing of OPE amplitude in this manner can give a clue to the phase problem of
pion photoproduction [2–4].
We acknowledge the fruitful discussions with M. Fujiwara, T. Kinashi, H. Toki and S.N.
Yang. One of us (Y.O.) is grateful to the Alexander von Humboldt Foundation for financial
support.
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